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1
IMAGE-PROCESSING DEVICE REMOVING
ENCIRCLING LINES FOR IDENTIFYING
SUB-REGIONS OF IMAGE

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority from Japanese Patent
Application No. 2013-056397 filed Mar. 19, 2013. The entire
content of the priority application is incorporated herein by
reference.

TECHNICAL FIELD

The present invention relates to an image-processing
device and a computer program that employ encircling lines
for identifying sub-regions of an image.

BACKGROUND

Among the various conventional image processes known
in the art, there are image processes for identifying sub-
regions of an image and for processing the identified sub-
regions. One such image process that has been proposed
involves accentuating regions of an image delineated by
closed curves by increasing the density in those regions. In
this process, the user draws closed curves on the original
using a marker and scans the original with an image scanner.
The image data acquired from the scanning operation is then
processed.

SUMMARY

In the process described above, encircling lines (such as
closed curves) surrounding sub-regions in the image can be
used for identitying specific sub-regions. Various image pro-
cesses, including but not limited to an accentuating process,
can be performed on the sub-regions identified by encircling
lines. However, noticeable traces of the encircling lines
drawn may be left unintentionally in the processed image. For
example, the outputted processed image may still include the
encircling lines in a color different from the color of the
region surrounding the encircling lines.

In view of the foregoing, it is an object of the present
invention to provide a technique for preventing encircling
lines drawn in an image from being noticeable after image
processing.

In order to attain the above and other objects, the present
invention provides an image-processing device that includes
a processor and a memory. The memory stores computer-
readable instructions therein. The computer-readable instruc-
tions, when executed by the processor, cause the image-pro-
cessing device to perform identifying a first region and a
second region in a target image represented by target image
data. The first region represents an encircling line for identi-
fying a specific sub-region in the target image. The first region
includes a first target pixel and a second target pixel. The
second region is different from the first region. The second
region includes an inside region that is surrounded by the first
region, and an outside region that is outside the first region.
The inside region has a plurality of internal pixels. The out-
side region has a plurality of external pixels. The computer-
readable instructions further causes the image-processing
device to perform to change a color value of each of the
plurality of pixels using a color value of one of the plurality of
internal pixels and a color value of one of the plurality of
external pixels, wherein the changing changes a color value of
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a first target pixel included in the plurality of pixels using a
color value of a first internal pixel included in the plurality of
internal pixels and a color value of a first external pixel
included in the plurality of external pixels, and wherein the
changing changes a color value of a second target pixel
included in the plurality of pixels using a color value of a
second internal pixel included in the plurality of internal
pixels and a color value of a second external pixel included in
the plurality of external pixels.

According to another aspect, the present invention pro-
vides a non-transitory computer readable storage medium
storing a set of program instructions executed by a computer.
The program instructions include identifying a first region
and a second region in a target image represented by target
image data. The first region represents an encircling line for
identifying a specific sub-region in the target image. The first
region includes a first target pixel and a second target pixel.
The second region is different from the first region. The
second region includes an inside region that is surrounded by
the first region, and an outside region that is outside the first
region. The inside region has a plurality of internal pixels. The
outside region has a plurality of external pixels. The com-
puter-readable instructions further causes the image-process-
ing device to perform to change a color value of each of the
plurality of pixels using a color value of one of the plurality of
internal pixels and a color value of one of the plurality of
external pixels, wherein the changing changes a color value of
a first target pixel included in the plurality of pixels using a
color value of a first internal pixel included in the plurality of
internal pixels and a color value of a first external pixel
included in the plurality of external pixels, and wherein the
changing changes a color value of a second target pixel
included in the plurality of pixels using a color value of a
second internal pixel included in the plurality of internal
pixels and a color value of a second external pixel included in
the plurality of external pixels.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 is a block diagram showing the structure of an
image-processing system according to a first embodiment of
the present invention;

FIG. 2 is a flowchart illustrating steps in an image process;

FIG. 3A is a schematic diagram showing a sample image
represented by scan data;

FIG. 3B is a schematic diagram showing an example of a
binary image;

FIG. 3C is a schematic diagram showing an example of a
binary image that has undergone contraction and expansion
processes;

FIG. 3D is a schematic diagram showing an example of a
partial binary image;

FIG. 3E is a schematic diagram showing an example of a
processed image;

FIG. 4 is a flowchart illustrating steps in a color correction
process performed on an encircling line region;

FIG. 5A is a schematic diagram illustrating the color cor-
rection process performed on the encircling line region
according to the first embodiment;

FIG. 5B shows an equation for calculating a color value of
a first target pixel according to the first embodiment;

FIG. 6A is a schematic diagram illustrating a color correc-
tion process performed on the encircling line region accord-
ing to a second embodiment;

FIG. 6B shows an equation for calculating the color value
of'the first target pixel according to the second embodiment;



US 9,131,193 B2

3

FIG. 7A is a schematic diagram illustrating a color correc-
tion process performed on the encircling line region accord-
ing to a third embodiment;

FIG. 7B is a schematic diagram showing a relationship
between a first searching range and a width of the encircling
line according to the third embodiment;

FIG. 7C shows an equation for calculating the color value
of the first target pixel according to the third embodiment;

FIG. 8A is a schematic diagram illustrating a color correc-
tion process performed on the encircling line region accord-
ing to a fourth embodiment;

FIG. 8B is an explanatory diagram for describing four pixel
pairs, color value differences, and selected pixel pairs accord-
ing to the fourth embodiment;

FIG. 8C shows an equation for calculating the color value
of the first target pixel according to the fourth embodiment;
and

FIG.9is a schematic diagram illustrating a color correction
process performed on the encircling line region according to
a fifth embodiment.

DETAILED DESCRIPTION

An image-processing system and a computer program
according to embodiments of the present invention will be
described in detail with reference to the accompanying draw-
ings.

A. First Embodiment

An image-processing system 900 according to a first
embodiment of the present invention will be described with
reference to FIGS. 1 to 5. FIG. 1 is a block diagram showing
the structure of an image-processing system 900 according to
the first embodiment of the present invention. The image-
processing system 900 is configured of a network 500, a
multifunction peripheral 100 connected to the network 500,
and a server 300 also connected to the network 500. The
multifunction peripheral 100 can execute a process for copy-
ing an original in response to a command from the user. More
specifically, the multifunction peripheral 100 optically scans
an original and prints an image based on the scan data. An
original may represent a plurality of objects that may include
text, photos, and illustrations. The user can draw a line around
each object in the original (hereinafter called an “encircling
line”) using a pen having a prescribed color (red, in the first
embodiment). The multifunction peripheral 100 and server
300 execute an image process to print an image acquired by
erasing any object surrounded by an encircling line from the
scanned image.

The multifunction peripheral 100 includes a CPU 110 for
performing overall control of the multifunction peripheral
100; a volatile storage device 120, such as DRAM; anonvola-
tile storage device 130, such as a flash memory; a display unit
140 such as a liquid crystal panel; an operating unit 150 such
as a touchscreen; a reading unit 160; a printing unit 170; and
a communication interface 180 (a wireless communication
interface conforming to the IEEE 802.11a/b/g/n standards,
for example) for communicating with other devices, such as
the server 300. The nonvolatile storage device 130 stores a
program 132. The communication interface 180 is connected
to the network 500.

The reading unit 160 generates image data representing an
original by optically scanning the original. The reading unit
160 is provided with an optical sensor such as a contact image
sensor (CIS; not shown) for optically reading an original
placed on the reading unit 160 to generate image data repre-
senting the original. In the following description, image data
generated by the reading unit 160 will be called “scan data.”
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4

The printing unit 170 is an inkjet printer that functions to
print images. However, the present invention may employ
another type of printer, such as a laser printer.

The CPU 110 executes the program 132 while utilizing the
volatile storage device 120 and the nonvolatile storage device
130 in order to implement data processes described later.
Taken together, the CPU 110, the volatile storage device 120,
and the nonvolatile storage device 130 correspond to a data-
processing unit 190 used to execute the functions to imple-
ment data processes. As shown in FIG. 1, the CPU 110 func-
tions as a read control unit 210, a scan data output unit 220, a
processed data acquisition unit 230, and a print control unit
240. The functions of these process units will be described
later.

The server 300 includes a CPU 310 for performing overall
control of the server 300; a volatile storage device 320, such
as DRAM; a nonvolatile storage device 330, such as flash
memory; and a communication interface 380 (a wireless
communication interface conforming to the IEEE 802.3 stan-
dard, for example) for communicating with other devices,
such as the multifunction peripheral 100. The nonvolatile
storage device 330 stores a program 332. The communication
interface 380 is connected to the network 500.

The CPU 310 executes the program 332 while utilizing the
volatile storage device 320 and nonvolatile storage device
330 to implement an image process described later. Taken
together, the CPU 310, the volatile storage device 320, and the
nonvolatile storage device 330 correspond to an image-pro-
cessing unit 390 that serves to implement the image process.
As shown in FIG. 1, the CPU 310 functions as a target data
acquisition unit 410, a region identification unit 420, a color
value modification unit 430, an object process unit 440, and a
processed data output unit 450. The functions of these process
units will be described later.

FIG. 2 is a flowchart illustrating steps in the image process,
and indicates both the process performed by the multifunc-
tion peripheral 100 and the process performed by the server
300. The CPU 110 of the multifunction peripheral 100 begins
this image process when the user issues a command to the
multifunction peripheral 100 to copy an original, for example.
The user can input various data including copy commands by
operating the operating unit 150 of the multifunction periph-
eral 100.

In S100 at the beginning of the image process, the read
control unit 210 (see FIG. 1) of the multifunction peripheral
100 controls the reading unit 160 to acquire scan data repre-
senting the original. Scan data is bitmap data representing
colors in red (R), green (G), and blue (B) color component
values (256-level gradation values in the first embodiment),
for example. Hereinafter, red, green, and blue color compo-
nent values will be respectively called the R component value,
G component value, and B component value. Further, values
representing a color will be collectively called a “color value”
(for example, the set of R, G, and B component values).

FIG. 3A is a schematic diagram showing a sample image
represented by scan data (hereinafter called a “scanned
image”). A scanned image 80 in FIG. 3A includes an encir-
cling line object 85 and four illustration objects: a first object
81, a second object 82, a third object 83, and a fourth object
84. The encircling line object 85 is an object that the user has
handwritten on the original using a pen in a predetermined
color (red in the preferred embodiment).

FIGS. 3A, 3B, 3C and 3D also indicate a first direction Dx
and a second direction Dy. The scan data representing the
scanned image 80 indicates the color of each pixel arranged in
gridlines along the directions Dx and Dy. In the following
description, the first direction Dx will also be called the +Dx
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direction, while the direction opposite to the first direction Dx
will be called the -Dx direction. Similarly, the second direc-
tion Dy will also be called the +Dy direction, while the
opposite direction will be called the -Dy direction. In addi-
tion, the side relative to the +Dx direction will be simply
called the +Dx side, and the same wording will be used for
other directions.

In S110 of FIG. 2, the scan data output unit 220 (see FIG.
1) outputs the scan data to the server 300 via the network 500.
In S200 the target data acquisition unit 410 (see FIG. 1) of the
server 300 acquires the scan data from the multifunction
peripheral 100 as image data to be processed (also called
“target image data”). The subsequent steps S205-S220 con-
stitute a process for identifying an encircling line in the
scanned image 80.

In S205 the region identification unit 420 (see FIG. 1)
generates binary image data through a thresholding process
on the scan data. Specifically, the region identification unit
420 classifies each of the pixels in the scan data as either a
pixel having a color value that specifies the color of the
encircling line (red in the first embodiment) or a pixel pos-
sessing a color value specifying another color. Pixels having
a color value specifying the color of the encircling line will be
called candidate pixels, while pixels having other color values
will be called non-candidate pixels. The thresholding process
is performed based on a prescribed range of colors appropri-
ate for pixels representing an encircling line (hereinafter
called the “encircling line color range™). Since the color of the
encircling line is assumed to be red in the first embodiment,
the encircling line color range may be set to a range of colors
in which the R component value is at least a red reference
value Rth, the G component value is no greater than a green
reference value Gth, and the B component value is no greater
than a blue reference value Bth. Pixels having color values
that fall within the encircling line color range are classified as
candidate pixels, while pixels having color values outside the
encircling line color range are classified as non-candidate
pixels. Note that the encircling line color may be set to a color
other than red, and the encircling line color range may be set
to a partial color range that includes the color anticipated to be
the color of the encircling line.

FIG. 3B is a schematic diagram showing an example of a
binary image 80a represented by the binary image data. The
binary image 80q includes three separate candidate regions: a
first candidate region 81a, a second candidate region 84a, and
a third candidate region 85a. The first candidate region 81a
represents part of the first object 81; the second candidate
region 84a represents part of the fourth object 84; the third
candidate region 854 represents the encircling line object 85.
Each of the candidate regions 81a, 844, and 85a is configured
of'a plurality of contiguous candidate pixels. Here, two pixels
are considered to be contiguous (i.e., adjacent to each other)
when one pixel is positioned within a 3x3 pixel block cen-
tered on the other pixel. As an alternative, two pixels may be
considered to be contiguous when one pixel is adjacent to the
other pixel in one of the four directions +Dx, -Dx, +Dy, and
-Dy.

In S210 of FIG. 2, the region identification unit 420
executes a contraction process on the binary image data for
contracting the candidate regions, resulting in the generation
of contracted binary image data. Next, the region identifica-
tion unit 420 executes an expansion process on the contracted
binary image data for expanding the contracted candidate
regions, producing expanded binary image data.

The contraction process is implemented by performing a
process for each non-candidate pixel (target pixel) in the
binary image data to convert all candidate pixels within a
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prescribed contraction range of the target pixel to non-candi-
date pixels, for example. This contraction range may be, for
example, a 3x3 (three rowsxthree columns) range centered on
anon-candidate pixel serving as the target pixel. The contrac-
tion process serves to change candidate pixels near this non-
candidate pixel, i.e., candidate pixels forming the edge of a
candidate region, into non-candidate pixels, thereby contract-
ing the candidate region. This process also eliminates small
candidate regions produced by noise, i.e., candidate regions
configured of only a few candidate pixels (not shown in the
drawings).

The expansion process is implemented by performing a
process for each candidate pixel (target pixel) in the binary
image data to convert all non-candidate pixels within a pre-
scribed expansion range of the target pixel to candidate pix-
els, for example. The expansion range may be a 5x5 (five
rowsxfive columns) range centered on a candidate pixel serv-
ing as the target pixel, for example. Thus, the expansion
process changes non-candidate pixels near a candidate pixel,
i.e., non-candidate pixels near the edge of a candidate region,
to candidate pixels, thereby expanding the candidate region.
In addition, breaks in the third candidate region 85a repre-
senting the encircling line object 85 (hereinafter called “dis-
connected parts”) may be produced in the contraction process
due to noise or thin or faint pen lines (not shown). The expan-
sion process can also connect these disconnected parts.

FIG. 3C is a schematic diagram showing an example of a
binary image 805 represented by binary image data that has
undergone the contraction and expansion processes. The
binary image 804 includes three candidate regions: a first
candidate region 815, a second candidate region 845, and a
third candidate region 8556. The candidate regions 815, 845,
and 855 respectively correspond to the three candidate
regions 81a, 84a, and 85a represented by the binary image
80a of FIG. 3B.

As described above, the contraction and expansion pro-
cesses serve to eliminate noise and to connect disconnected
parts. Accordingly, performing these processes can improve
the precision in identifying the encircling lines in an object
identification process described later.

The contraction range and the expansion range described
above are merely one example of the degree of contraction
achieved by the contraction process and the degree of expan-
sion achieved by the expansion process, respectively. When
the contraction process is performed prior to the expansion
process, the degree of the expansion process (i.e., the size of
the expansion range) is preferably larger than the degree of
the contraction process (i.e., the size of the contraction
range). Setting the ranges to have this relationship can more
appropriately connect disconnected parts. However, the
expansion process may be executed prior to the contraction
process, in which the degree of the expansion process is
preferably smaller than the degree of the contraction process.
This relationship can more appropriately eliminate candidate
regions produced by noise.

In S215 of FIG. 2, the region identification unit 420 per-
forms a labeling process on the binary image data resulting
from the contraction and expansion processes to assign dis-
crete identifiers to the separate candidate regions. Specifi-
cally, the region identification unit 420 assigns one identifier
to each region configured of one or more contiguous candi-
date pixels (i.e., a candidate region). The region identification
unit 420 assigns a different identifier to each of the plurality of
separate candidate regions. Thus, the labeling process serves
to identify each of the candidate regions. In the example of
FIG. 3C, the region identification unit 420 assigns a discrete
identifier to each of the first candidate region 815, the second
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candidate region 845, and the third candidate region 855. The
region identification unit 420 generates first label data repre-
senting the results of this labeling process (for example, data
correlating pixels with identifiers).

In S220 of FIG. 2, the region identification unit 420
executes the object identification process on the candidate
regions identified in S215. The object identification process
serves to identify a region representing an encircling line
from among the identified candidate regions. For example,
when a candidate region has a loop-like shape, the region
identification unit 420 determines that this candidate region
represents an encircling line. In the example of FIG. 3C, the
region identification unit 420 identifies the loop-shaped third
candidate region 855 as a region representing an encircling
line. Hereinafter, a candidate region representing an encir-
cling line will be called an “encircling line region.”

Any of various methods may be used to determine whether
a candidate region has a loop shape. Here, one possible
method will be described using the example of the binary
image 805 in FIG. 3C. In this example, the candidate region
being subjected to the determination will be called the “target
region”; pixels in the target region will be called “target-
region pixels”; and pixels outside the target region will be
called “non-target-region pixels.” Hence, when the third can-
didate region 855 is the target region, all pixels included in the
third candidate region 854 are target-region pixels, while all
pixels not included in the third candidate region 856 are
non-target-region pixels. Specifically, the non-target-region
pixels include pixels representing the background inside the
third candidate region 855, pixels representing the back-
ground outside the third candidate region 855, and pixels
included in the candidate regions 815 and 845.

First, the region identification unit 420 identifies a region
that includes the edges of the binary image 806 and has a
plurality of contiguous non-target-region pixels. The identi-
fied region surrounds the entire outer periphery of the target
region and will be called a “first peripheral region.” When the
third candidate region 855 is the target region, the first periph-
eral region includes every region on the outside of the third
candidate region 855, i.e., the region representing the back-
ground on the outer peripheral side of the third candidate
region 85b, the entire first candidate region 815, and the
second candidate region 845 positioned on the outside of the
third candidate region 855.

The region remaining after excluding the first peripheral
region from the binary image 805 is the region encircled by
the outermost contour of the target region (hereinafter called
the “first determination region”). When the third candidate
region 8556 is the target region, the first determination region
is the entire area enclosed by the outermost contour of the
third candidate region 854, i.e., the third candidate region 854
and the region representing background on the inside of the
third candidate region 855.

Next, the region identification unit 420 determines that the
target region has a loop-like shape when the first determina-
tion region is found to have an area that includes a plurality of
contiguous non-target-region pixels. When the third candi-
date region 855 is the target region, the region identification
unit 420 detects an area having a plurality of contiguous
non-target-region pixels (the region representing back-
ground) within the first determination region (specifically, the
area inside of the third candidate region 855). Accordingly,
the region identification unit 420 determines that the third
candidate region 855 has a loop shape. When the region
identification unit 420 does not detect an area with a plurality
of contiguous non-target-region pixels in the first determina-
tion region, the region identification unit 420 determines that
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the target region does not have a loop shape. For example, if
the first candidate region 815 or the second candidate region
845 is the target region, the region identification unit 420 will
determine that the target region does not have a loop shape.

Subsequent steps S225-S245 in FIG. 2 constitute a process
for identifying a region representing an object encircled by
the encircling line. In S225 the region identification unit 420
selects one encircling region from among those encircling
regions identified in S220. The following description will
assume that the third candidate region 8556 is in FIG. 3C has
been selected as the target encircling region.

In S230, the region identification unit 420 acquires partial
image data that represent a region encompassing the third
candidate region 856 from the scan data acquired in S200.
FIGS. 3A and 3C indicate a region Ar encompassing the third
candidate region 855 (hereinafter called a cropped area Ar. In
the first embodiment, the cropped area Ar is a rectangular
region represented by the minimum bounding rectangle
bounding the third candidate region 854. The region identi-
fication unit 420 acquires the portion of scan data represent-
ing the cropped area Ar shown in FIG. 3 A as the partial image
data.

In S235 of FIG. 2, the region identification unit 420 gen-
erates partial binary image data by performing a thresholding
process on the partial image data. More specifically, the
region identification unit 420 classifies each of the pixels in
the partial image data as either a pixel having a color value
denoting the background color (hereinafter called a “back-
ground pixel”) or a pixel having a color value corresponding
to a color other than the background color (hereinafter called
an “object pixel”).

This thresholding process is performed based on a back-
ground color range denoting a range of colors for pixels
representing the background. In the first embodiment, the
region identification unit 420 calculates a color value repre-
senting the background color (hereinafter called the “back-
ground color value”) to be the average color value of a plu-
rality of pixels in the scanned image 80 of FIG. 3A that
neighbor the third candidate region 855 in FIG. 3C. The
background color value calculated in S235 includes average
values of the R component value, G component value, and B
component value called an R average value Rave, a G average
value Gave, and a B average value Bave, respectively.

Next, the region identification unit 420 sets a color range of
prescribed width centered on the background color value as
the background color range. For example, the background
color range may be a range of colors: (Rave-W)<R compo-
nent value<(Rave+W), (Gave-W)<G component value<
(Gave+W), and (Bave-W)<background color value<(Bave+
W); where, W is a prescribed value corresponding to width.

Note that the background color range is not limited to the
range described above, but may be any of various ranges that
include colors in the background portions of the scanned
image 80. For example, the background color range may be
set to a range of colors whose distance from the background
color value described above (the Euclidian distance in the
RGB color space, for example) is within a prescribed thresh-
old value. Further, the background color value may be calcu-
lated according to any of various methods and is not limited to
the method described above. For example, the background
color value may be set to the average color value of pixels
disposed in the edge portion of the scanned image 80. Gen-
erally, the region identification unit 420 can analyze the
scanned image 80 and implement a thresholding process
appropriate for the scanned image 80 by setting a background
color range based on the results of this analysis. However, a
prescribed range may be employed as the background color
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range. For example, the background color range may be set to
a range of colors whose brightness value computed from the
R, G, and B component values is at least a prescribed thresh-
olding value.

FIG. 3D is a schematic diagram showing an example of a
partial binary image 80c¢ represented by the partial binary
image data. The partial binary image 80c¢ includes three sepa-
rate object regions: a first object region 81c¢, a second object
region 82c¢, and a third object region 85¢. Each of the object
regions 81c, 82c¢, and 85¢ is configured of a plurality of
contiguous object pixels. The first object region 81c¢ repre-
sents the first object 81; the second object region 82¢ repre-
sents the second object 82; and the third object region 85¢
represents the encircling line object 85.

In S240 of FIG. 2, the region identification unit 420 per-
forms a labeling process on the partial binary image data. The
steps in the labeling process are identical to those in the
labeling process of S215. In the example of FIG. 3D, the
region identification unit 420 assigns a discrete identifier to
each of the first object region 81c¢, second object region 82c¢,
and third object region 85¢. The region identification unit 420
generates second label data representing the results of this
labeling process (for example, data correlating pixels with the
identifiers).

The region identification unit 420 also identifies object
regions overlapping the encircling line regions identified in
S220 as encircling line regions. Since the third object region
85c¢ overlaps the third candidate region 855 of FIG. 3C in the
example of FIG. 3D, the region identification unit 420 iden-
tifies the third object region 85¢ as an encircling line region
85¢.

In S245 of FIG. 2, the region identification unit 420 deter-
mines whether an object region is enclosed by the encircling
line region 85c¢, for each of the object regions other than the
encircling line region 85¢. For example, the region identifi-
cation unit 420 determines that an object region is enclosed by
the encircling line region 85¢ when the object region overlaps
the region on the inner side of the encircling line region 85¢
(hereinafter called an “inside region 85¢i”). In the example of
FIG. 3D, the second object region 82¢ overlaps the inside
region 85c¢i. Thus, the region identification unit 420 deter-
mines that the second object region 82c¢ is encircled by the
encircling line region 85¢. The first object region 81¢ does not
overlap the inside region 85c¢i, but overlaps the region on the
outer side of the encircling line region 85¢ (hereinafter called
an “outside region 85¢0”). Thus, the region identification unit
420 determines that the first object region 81¢ is not enclosed
by the encircling line region 85¢. The region identification
unit 420 also generates inclusion relation data representing
the determination results, such as data representing correla-
tions between the identifier of an object region and a flag
indicating whether the object region is enclosed by the encir-
cling line region 85c¢.

Note that any of various methods may be employed to
determine whether an object region overlaps the region inside
the encircling line region 85¢ (the inside region 85¢i in this
example). Here, one possible method will be described using
the example of the partial binary image 80c in FIG. 3D. In this
description, pixels included in the encircling line regions will
be called “encircling-line pixels,” and pixels other than the
encircling-line pixels will be called “non-encircling-line pix-
els.” In the example of FIG. 3D, pixels included in the encir-
cling line region 85¢ are encircling-line pixels, while pixels
not included in the encircling line region 85¢ are non-encir-
cling-line pixels. That is, the non-encircling-line pixels
include pixels representing the background inside the encir-
cling line region 85¢, pixels representing the background
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outside the encircling line region 85¢, and pixels included in
the first object region 81c¢ and second object region 82c.

First, the region identification unit 420 identifies a region
that includes the edges of the partial binary image 80c and is
configured of a plurality of contiguous non-encircling-line
pixels. The identified region surrounds the outer peripheral
side of the encircling line region 85c¢ (the outside region 85co
in this example) and is hereinafter called the “second periph-
eral region.” Specifically, the second peripheral region is the
entire outer peripheral side of the encircling line region 85c¢,
i.e., the entire region representing the background on the
outer peripheral side of the encircling line region 85c¢, and the
first object region 81¢ disposed on the outer peripheral side of
the encircling line region 85¢.

Next, the region of the partial binary image 80c¢ that
remains after excluding the second peripheral region is
enclosed by the outermost contour of the encircling line
region 85c¢ (hereinafter called the “second determination
region”). Specifically, the second determination region is the
entire encircling line region 85¢ and inside region 85c¢i. The
inside region 85¢i includes the region representing the back-
ground on the inside of the encircling line region 85¢, and the
second object region 82¢ disposed inside the encircling line
region 85¢.

When the region identification unit 420 detects pixels for
an object region in the second determination region, the
region identification unit 420 determines that an object over-
laps the inside region 85c¢i, i.e., an object is enclosed within
the encircling line. In this example, the region identification
unit 420 detects pixels for the second object region 82¢ in the
second determination region. Hence, the region identification
unit420 determines that the second object region 82¢ (i.e., the
second object 82) is enclosed within the encircling line region
85¢ (i.e., the encircling line object 85). If the region identifi-
cation unit 420 does not detect a pixel from an object region
in the second determination region, then the region identifi-
cation unit 420 determines that the object does not overlap the
inside region 85¢i, i.e., that the object region is not enclosed
by the encircling line region 85¢. In this example, the region
identification unit 420 does not detect a pixel from the first
object region 81c in the second determination region and,
hence, determines that the first object region 81c¢ is not
enclosed within the encircling line region 85c¢.

In this way, the region identification unit 420 identifies
object regions representing objects enclosed by the encircling
line object 85.

Step S250 in FIG. 2 is a process for correcting the color of
the encircling line region in order to erase the encircling line
from the scanned image 80. The following step S255 is a
process for erasing objects enclosed by the encircling line
from the scanned image 80. FIG. 3E is a schematic diagram
showing an example of a processed image 90. The processed
image 90 is an image represented by processed data generated
by executing the process of S255 on the scan data. As shown
in FIG. 3E, the processed image 90 is obtained by erasing the
encircling line object 85 and the second object 82 enclosed by
the encircling line object 85 from the scanned image 80.

In S250 of FIG. 2, the color value modification unit 430
(see FIG. 1) changes a color value for each pixel in the
scanned image 80 that is included in the encircling line region
85¢ represented by the partial binary image 80c to a color
value corresponding to the color values of pixels in the
peripheral region of the encircling line region 85¢. Through
this process, the region in the scanned image 80 that repre-
sented the encircling line object 85 now represents the back-
ground in the peripheral region thereof. The process in S250
will be described later in greater detail.
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In S255 the object process unit 440 changes the color
values of pixels in the scanned image 80 that are included in
the object region represented by the partial binary image 80c
(and specifically, the second object region 82¢ enclosed in the
encircling line region 85¢) to the background color value. The
background color value is the value calculated in S235. This
process converts the region in the scanned image 80 repre-
senting the second object 82 to background.

In S260 of FIG. 2, the region identification unit 420 deter-
mines whether the above process has been completed for all
encircling line regions. If there remain any unprocessed encir-
cling line regions (S260: NO), the region identification unit
420 returns to S225 and performs the above process on an
unprocessed encircling line region.

Each of the processes in S250 and S255 is performed
successively on scan data representing the scanned image 80.
The processed image data obtained by completing the pro-
cesses on all encircling line regions is used as the final pro-
cessed data.

When the process has been completed for all encircling
line regions (S260: YES), in S265 the processed data output
unit 450 outputs the processed data to the multifunction
peripheral 100 via the network 500. In S120 the processed
data acquisition unit 230 of the multifunction peripheral 100
then acquires the processed data from the server 300. In S130
the print control unit 240 generates print data based on the
processed data and supplies this print data to the printing unit
170. The printing unit 170 prints an image based on the print
data received from the print control unit 240. In this example,
the printing unit 170 prints the image shown in FIG. 3E.

FIG. 4 is a flowchart illustrating steps in a color correction
process performed on the encircling line regions. This pro-
cess corresponds to step S250 in FIG. 2. In S310 at the
beginning of the color correction process, the color value
modification unit 430 selects one unprocessed pixel from
among the plurality of pixels in the target encircling line
region (such as the encircling line region 85¢ in FIG. 3D) as
a target pixel.

FIG. 5A is an explanatory diagram illustrating the color
correction process performed on the encircling line region.
The drawing shows part of the encircling line region 85¢ and
its peripheral region. The encircling line region 85¢ has been
shaded. In FIG. 5A, Pt denotes the target pixel and is herein-
after called the “first target pixel Pt.”

In S320 of FIG. 4, the color value modification unit 430
changes the color value of the target pixel in the scan data
using color values of non-encircling-line pixels around the
encircling line region 85¢. In the first embodiment, the color
value modification unit 430 sets a new color value for the
target pixel using the color values of four non-encircling-line
pixels determined based on the position of the target pixel.
Hereinafter, pixels whose color values are used to calculate
the color value of the target pixel will be called “color value
pixels.” FIG. 5A shows four color value pixels P1-P4 deter-
mined based on the first target pixel Pt. Specifically, these
color value pixels are determined as follows.

The first color value pixel P1 is the closest non-encircling-
line pixel to the first target pixel Pt among the plurality of
non-encircling-line pixels on a line extending in the -Dy
direction from the first target pixel Pt. The second color value
pixel P2 is the closest non-encircling-line pixel to the first
target pixel Pt among the plurality of non-encircling-line
pixels on a line extending in the +Dy direction from the first
target pixel Pt. The third color value pixel P3 is the closest
non-encircling-line pixel to the first target pixel Pt among the
plurality of non-encircling-line pixels on a line extending in
the —-Dx direction from the first target pixel Pt. The fourth
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color value pixel P4 is the closest non-encircling-line pixel to
the first target pixel Pt among the plurality of non-encircling-
line pixels on a line extending in the +Dx direction from the
first target pixel Pt. All of the color value pixels P1-P4
selected in the above manner represent the background.

In this way, the color value modification unit 430 selects
pixels to be used in calculating the new color value from lines
extending from the first target pixel Pt in four orthogonal
directions. Therefore, at least one pixel (the two pixels P2 and
P4 in this case) is selected from the inside region 85¢i, and at
least one pixel (the two pixels P1 and P3 in this case) is
selected from the outside region 85co. Hereinafter, a pixel
selected from the inside region 85¢i will be called an internal
pixel, and a pixel selected from the outside region 85co will
be called an external pixel.

FIG. 5B shows an equation for calculating a color value Pti
of the first target pixel Pt from color values P1i-P4i of the
color value pixels P1-P4, respectively. Here, the symbol “i”
identifies one of the colors red, green, and blue, and distances
D1-D4 denote the distances between the first target pixel Pt
and the color value pixels P1-P4, respectively. The distance
between two pixels may be set to the Fuclidean distance
between the centers of the pixels.

As shown in FIG. 5B, the color value Pti of the first target
pixel Pt is a weighted average value of the color values P1i-
P4i for the color value pixels P1-P4. The weights assigned
color values P1i-P4i are larger for smaller distances D1-D4.
Therefore, the color value modification unit 430 can change
the color value of the first target pixel Pt to a value suited to
positional relationships between the first target pixel Pt and
the color value pixels P1-P4. Thus, the color value modifica-
tion unit 430 can change the color value of the first target pixel
Pt to a value suited to color changes in peripheral regions of
the first target pixel Pt (the background region, for example).

In S330 of FIG. 4, the color value modification unit 430
determines whether all pixels in the target encircling line
region have been processed. When there remain unprocessed
pixels (8330: NO), the color value modification unit 430
returns to S310 and repeats the above process on an unproc-
essed pixel. The same process performed on the first target
pixel Pt is performed on pixels other than the first target pixel
Pt. FIG. 5A shows a second target pixel Ptn. In this case, the
color value modification unit 430 selects four color value
pixels P1z-P4r based on the second target pixel Ptn. Since the
second target pixel Ptn is in a different position than the first
target pixel Pt, the selected color value pixels P1%-P4n can be
different from the color value pixels P1-P4 selected for the
first target pixel Pt.

When all pixels in the target encircling line region have
been processed (S330: YES), the color value modification
unit 430 ends the process of FIG. 4.

As described above, the color value modification unit 430
changes the color value of the first target pixel Pt in the
encircling line region 85¢ using color values of internal pixels
P2 and P4 in the inside region 85c¢i, and color values of
external pixels P1 and P3 in the outside region 85co. The color
value modification unit 430 then changes the color value of
the second target pixel Ptn in the encircling line region 85¢
using the internal pixels P2» and P4# in the inside region 85¢i
and the external pixels P1# and P3x in the outside region
85co. Since the color value modification unit 430 can change
the color value of a target pixel in the encircling line region
85¢ constituting the encircling line object 85 to a color value
suited to both the color values of internal pixels and the color
values of external pixels, the color value modification unit
430 can reduce the likelihood of the color of the encircling
line object 85 remaining in a color different from the periph-
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eral color of the encircling line object 85 (the background
color, for example) when the image is printed.

In particular, the equation in FIG. 5B can change the color
value of the first target pixel Pt to a value between an internal
pixel (one of the second color value pixel P2 and fourth color
value pixel P4) and an external pixel (one of the first color
value pixel P1 and third color value pixel P3). Similarly, the
equation can change the color value of the second target pixel
Ptn to a value between an internal pixel (one of the second
color value pixel P2z and fourth color value pixel P4%) and an
external pixel (one of the first color value pixel P1#z and third
color value pixel P3z). Thus, this method can suppress
unnatural changes in color within the encircling line region
85¢ when the colors in the inside region 85¢i and the outside
region 85co differ.

As described with reference to FIG. 5B, the weights
assigned to the color values P1i-P4i are larger when the dis-
tances D1-D4 are smaller. Therefore, the color value modifi-
cation unit 430 can change the color value of the first target
pixel Pt to a value that is suitable for the positional relation-
ships between the first target pixel Pt and the color value
pixels P1-P4. In the first embodiment, the pixels P1-P4 serv-
ing as positional references are the same pixels used for
acquiring the color values P1i-P4i.

Further, as described with reference to FIG. 5A, the third
color value pixel P3 and the fourth color value pixel P4 used
for calculating the color value of the first target pixel Pt are
disposed on opposing ends of a line segment that intersects
the line segment connecting the first color value pixel P1 and
second color value pixel P2. Therefore, the color value modi-
fication unit 430 can change the color value of the first target
pixel Pt to a value suited to color changes in a plurality of
directions. The same is true for all other target pixels and
suppresses any noticeable traces of the encircling line object
85 in the processed image.

Note that the color values of pixels within the encircling
line region 85¢ are carefully interpolated, as described in
FIGS. 4 and 5, because the encircling line object 85 is an
object that is not present in the image on the original. Conse-
quently, the user observing the processed image would
quickly sense something out of place if the processed image
contained traces of an object not present in the original.
Therefore, the color value modification unit 430 in the first
embodiment carefully interpolates the color values of pixels
in the encircling line region 85¢ to eliminate any noticeable
traces of encircling lines in the processed image.

When generating or acquiring data such as scan data, pro-
cessed data, and print data, the process units 210, 220, 230,
and 240 of the multifunction peripheral 100 (and specifically
the CPU 110) store this data in a storage device such as the
volatile storage device 120. The process units 210, 220, 230,
and 240 subsequently acquire data needed for processes by
referencing the data stored in the storage device.

Similarly, when generating or acquiring data such as scan
data, binary image data, label data, inclusion relation data,
and processed data, the process units 410, 420, 430, 440, and
450 of the server 300 (and specifically the CPU 310) store this
data in a storage device such as the volatile storage device
320. The process units 410, 420, 430, 440, and 450 subse-
quently acquire data needed for processes by referencing the
data stored in the storage device.

B. Second Embodiment

A second embodiment of the present invention will be
described with reference to FIGS. 6A and 6B. FIG. 6A is a
schematic diagram illustrating a second embodiment for
changing color values of target pixels in encircling line
regions (S320 of FIG. 4). The second embodiment differs
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from the first embodiment shown in FIGS. 5A and 5B in that
color value pixels are selected at points falling on lines
extending in eight discrete directions from the target pixel.
The hardware structure of the image-processing system used
in the image process according to the second embodiment is
identical to the image-processing system 900 shown in FIG.
1. Further, steps in the image process according to the second
embodiment are identical to the steps shown in FIGS. 2 and 4.

The partial image shown in FIG. 6A is identical to the
image in FIG. 5A. In addition to the four directions +Dx, —Dx,
+Dy, and -Dy, FIG. 6A indicates four additional directions
+Ds, =Ds, +Dt, and —=Dt. The +Ds direction falls between the
+Dx direction and +Dy direction and forms a 45-degree angle
with each of these directions. The -Ds direction is the direc-
tion opposite the +Ds direction. The +Dt direction falls
between the +Dx direction and -Dy direction and forms a
45-degree angle with each of these directions. The —Dt direc-
tion is the direction opposite the +Dt direction.

As shownin FIG. 6 A, the color value modification unit 430
selects eight color value pixels P1-P8 determined based on
the position of the first target pixel Pt. The four color value
pixels P1-P4 are identical to the same pixels in FIG. 5A. The
remaining four color value pixels P5-P8 are determined as
follows.

The fifth color value pixel P5 is the closest non-encircling-
line pixel to the first target pixel Pt among the plurality of
non-encircling-line pixels on a line extending in the -Ds
direction from the first target pixel Pt.

The sixth color value pixel P6 is the closest non-encircling-
line pixel to the first target pixel Pt among the plurality of
non-encircling-line pixels on a line extending in the +Ds
direction from the first target pixel Pt.

The seventh color value pixel P7 is the closest non-encir-
cling-line pixel to the first target pixel Pt among the plurality
of non-encircling-line pixels on a line extending in the +Dt
direction from the first target pixel Pt.

The eighth color value pixel P8 is the closest non-encir-
cling-line pixel to the first target pixel Pt among the plurality
of non-encircling-line pixels on a line extending in the —-Dt
direction from the first target pixel Pt.

Thus, the color value modification unit 430 selects pixels
for calculating the color value of the first target pixel Pt from
pixels on eight lines extending radially from the first target
pixel Pt. Therefore, the color value modification unit 430
selects at least one pixel (the three pixels P2, P4, and P6 in this
example) from the inside region 85c¢i, and at least one pixel
(the five pixels P1, P3, P5, P7, and P8 in this example) from
the outside region 85co.

FIG. 6B shows an equation for calculating the color value
Pti of the first target pixel Pt based on color values P1i-P8i of
the eight color value pixels P1-P8. Here, the symbol “i”
identifies one of the colors red, green, and blue, and distances
D1-D8 denote the distances from the first target pixel Pt to the
color value pixels P1-P8, respectively. In the example of FIG.
6B, the color value modification unit 430 sets the color value
Pti of the first target pixel Pt to the weighted average value of
the color values P1i-P8i for the color value pixels P1-P8.
Weights assigned to the color values P1i-P8i are larger for
smaller distances D1-D8. Thus, the color value modification
unit 430 changes the color value of the first target pixel Pt to
avalue suited to changes in color within the peripheral region
of the first target pixel Pt.

Thus, as in the first embodiment described above, the color
value of the first target pixel Pt in the second embodiment is
set using color values of a plurality of non-encircling-line
pixels surrounding the first target pixel Pt. Therefore, the
second embodiment has the same advantages as the first
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embodiment. The second embodiment also uses more direc-
tions from the first target pixel Pt than the first embodiment
for selecting color value pixels to be used in calculating the
color value of the first target pixel Pt. Hence, the color value
modification unit 430 in the second embodiment can change
the color value of a pixel in an encircling line region to a color
value suitable for color changes in the peripheral region sur-
rounding the pixel in various directions.

C. Third Embodiment

A third embodiment of the present invention will be
described with reference to FIGS. 7A, 7B and 7C. FIGS. 7A
and 7B are schematic diagrams illustrating a third embodi-
ment for changing color values of target pixels in encircling
line regions (S320 of FIG. 4). The third embodiment differs
from the first embodiment shown in FIGS. 5A and 5B in that
the four color value pixels P1-P4 in FIGS. 5A and 5B are used
as reference pixels P1s-P4s for referencing positions, while
the color value pixels P1-P4 used for calculating the color
value of the target pixel are selected based on the reference
pixels Pls-P4s. Here, color value pixels separate from the
reference pixels used as positional references are selected for
calculating the color value of the target pixel in order to
minimize the effects of noise that may be included in the color
values of reference pixels adjacent to the encircling line
region 85¢. A scanned image represented by scan data gen-
erated with the reading unit 160 may contain noise in the color
values of pixels neighboring edges of objects, such as encir-
cling lines. Consequently, the color values of reference pixels
may include such noise. In order to minimize the effects of
this noise, the color value pixels used for calculating the color
value of a target pixel in the third embodiment are selected
from regions on the periphery of the reference pixels that have
little change in color value. The hardware structure of the
image-processing system used in the image process accord-
ing to the third embodiment is identical to the image-process-
ing system 900 shown in FIG. 1. Further, steps in the image
process according to the third embodiment are identical to the
steps shown in FIGS. 2 and 4.

The partial image shown in FIG. 7A is identical to the
image in FIG. 5A. The method of selecting color value pixels
based on reference pixels will be described below using a first
reference pixel Pls as an example. The color value modifica-
tion unit 430 selects the first reference pixel P1s according to
the same procedure for selecting the first color value pixel P1
in FIG. 5A. Next, the color value modification unit 430 selects
the first color value pixel P1 from the non-encircling-line
pixels in a first searching range Plsa centered on the first
reference pixel Pls. The first searching range P1 sa is a
prescribed rectangular region centered on the first reference
pixel P1s that has two sides parallel to the first direction Dx
and two sides parallel to the second direction Dy. The lengths
of'sides in the first searching range Plsa are set to “2*(5*reso-
Iution/300)+1”, for example, where the symbol “*” is the
multiplication operator and the resulting value is in units of
pixels. “Resolution” in this equation is the resolution of the
scan data and is in units of dpi. When the resolution is 300 dpi,
the length of one side of the first searching range Plsa is 11
pixels. When the resolution is 600 dpi, the length of one side
of'the first searching range Plsa is 21 pixels. Thus, the size of
the first searching range Plsa grows substantially in propor-
tion to resolution. Therefore, when the first searching range
Plsa is superimposed on the original image, the range of the
image covered by the first searching range Plsa is approxi-
mately the same regardless the resolution of the scan data.

FIG. 7B is a schematic diagram showing the relationship
between the first searching range Plsa and a width WL of the
encircling line. As shown in the drawing, the size of the first
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searching range Plsa is preset such that a maximum distance
Dsa from the first reference pixel Pls to the edge of the first
searching range Plsa is smaller than the width WL of the
encircling line. The width WL of the encircling line is the
width of a line drawn by a prescribed pen and is preset based
on the resolution. In this way, the first searching range Plsa is
set to a region whose range from the first reference pixel Pls
atits center is shorter than the width WL of the encircling line.
This configuration reduces the likelihood of a color value
pixel being selected from a region other than the inside region
85¢i or outside region 85co that includes the reference pixel.
For example, if the first reference pixel Pls is a pixel in the
outside region 85co, the first searching range Plsa is config-
ured to include pixels in the outside region 85co, but not
pixels in the inside region 85ci. This prevents a color value
pixel from being selected from the inside region 85¢i when
the first reference pixel Pls is a pixel in the outside region
85co.

Next, the color value modification unit 430 selects one
non-encircling-line pixel from the first searching range P1 sa
as a target pixel. The following description will assume that
the first color value pixel P1 in FIG. 7A has been selected as
the target pixel. The color value modification unit 430 calcu-
lates the distribution of color values using all non-encircling-
line pixels in a first calculation range P1sr centered on the first
color value pixel P1. In the third embodiment, the first calcu-
lation range Plsr is a prescribed rectangular region centered
on the first color value pixel P1 that has two sides parallel to
the first direction Dx and two sides parallel to the second
direction Dy. Each side of the first calculation range Plsr is
set to the length “2*(3*resolution/300)+1”, for example,
where the symbol “*” is the multiplication operator and the
result has units in numbers of pixels. In this example, “reso-
Iution” indicates the resolution of the scan data and is given in
units of dpi. When the resolution is 300 dpi, each side of the
first calculation range Plsr is set to 7 pixels. When the reso-
Iution is 600 dpi, each side of the first calculation range Plsr
is set to a length of 13 pixels.

In the third embodiment, the color value includes R, G, and
B component values. Therefore, the color value modification
unit 430 calculates the distribution of R component values,
the distribution of G component values, and the distribution
of B component values and uses the largest of these three
distributions as the distribution of color values. As an alter-
native, the color value modification unit 430 may employ the
distribution of a specific color component. For example, the
color value modification unit 430 may calculate a brightness
value from the R, G, and B component values and find the
distribution of brightness values.

The color value modification unit 430 performs this type of
distribution calculation using each of the non-encircling-line
pixels in the first searching range Plsa as the target pixel.
Next, the color value modification unit 430 selects the pixel
based on which the smallest distribution was found as the
color value pixel. In the example of FIG. 7A, the color value
modification unit 430 has selected the first color value pixel
P1 as the color value pixel. The color value modification unit
430 similarly selects color value pixels P2, P3, and P4 based
on the other reference pixels P2s, P3s, and P4s. For example,
the color value modification unit 430 selects the second color
value pixel P2 in a second searching range P2sa using the
second reference pixel P2s as reference. The second search-
ing range P2sa is configured to include pixels in the inside
region 85¢i, which possesses the second reference pixel P2s,
and to not include pixels in the outside region 85co.

FIG. 7C shows an equation for calculating the color value
Pti of the first target pixel Pt based on color values Plia-P4dia
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acquired from the four color value pixels P1-P4. The equation
in FIG. 7C differs from that in FIG. 5B in two ways. The first
difference is that distances D1s-D4s do not indicate the dis-
tances between the first target pixel Pt and the corresponding
color value pixels P1-P4, but rather indicate the distances
between the first target pixel Pt and the reference pixels P1s-
P4s. For example, the first distance D1s indicates the distance
between the first target pixel Pt and the first reference pixel
Pls, and the second distance D2s indicates the distance
between the first target pixel Pt and the second reference pixel
P2s, for example.

The second difference is that the color values Plia-P4ia are
the average color values of non-encircling-line pixels within
calculation ranges centered on the color value pixels P1-P4,
respectively. For example, the first color value P1 is the aver-
age color value of non-encircling-line pixels in the first cal-
culation range P1s7 centered on the first color value pixel P1,
and the second color value P2ia is the average color value of
non-encircling-line pixels within a second calculation range
P2sr centered on the second color value pixel P2.

In this way, the color values Plia-P4ia calculated based on
the color value pixels P1-P4, respectively, are average color
values within regions with small color distributions. Hence,
the average color values P1lia-P4ia are expected to represent
values approaching the original color values in peripheral
regions of the encircling line region (a background region, for
example); that is, color values not influenced by noise. The
equation in FIG. 7C is predicated on the assumption that the
original color values of the reference pixels Pls-P4s are
approximately the same as the color values Plig-Pdia
obtained based on the color value pixels P1-P4.

While the above description pertains to the first target pixel
Pt, the color value modification unit 430 similarly changes the
color values of the other pixels in the encircling line region
85¢.

Thus, as in the first embodiment described above, the color
value of the first target pixel Pt in the third embodiment is set
using color values of a plurality of non-encircling-line pixels
surrounding the first target pixel Pt. Therefore, the third
embodiment has the same advantages as the first embodi-
ment.

As shown in FIG. 7C, the weight applied to the second
average color value P2ia for the plurality of pixels including
the second color value pixel P2 (i.e. the color value associated
with the second color value pixel P2) is larger for a smaller
second distance D2s between the first target pixel Pt and the
second reference pixel P2s, which is associated with the sec-
ond color value pixel P2. The same is true for the fourth color
value pixel P4. Further, the weight applied to the first average
color value Plia for the plurality of pixels including the first
color value pixel P1 (i.e. the color value associated with the
first color value pixel P1) is larger for a smaller first distance
D1s between the first target pixel Pt and the first reference
pixel P1s, which is associated with the first color value pixel
P1. The same holds true for the third color value pixel P3. In
this way, the color value modification unit 430 can change the
color value of the first target pixel Pt to a value suited to the
positional relationships among the first target pixel Pt, the
internal reference pixels P2s and P4s, and the external refer-
ence pixels Pls and P3s, thereby suppressing any noticeable
traces of the encircling line object 85 in the processed image.

As described with reference to FIG. 7A, the color value
modification unit 430 selects the first color value pixel P1
from a prescribed range centered on the first reference pixel
Pls (specifically, from the first searching range Plsa). In
other words, the first reference pixel Pls is a pixel within a
prescribed range centered on the first color value pixel P1 (a
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range having the same shape as the searching range). Simi-
larly, the color value modification unit 430 selects the second
color value pixel P2 from a prescribed range centered on the
second reference pixel P2s (specifically, from the second
searching range P2sa). In other words, the second reference
pixel P2s is a pixel within a prescribed range centered on the
second color value pixel P2. By modifying the color value of
the first target pixel Pt according to the first reference pixel
P1s near the first color value pixel P1 and the second reference
pixel P2s near the second color value pixel P2, the color value
modification unit 430 can minimize any noticeable traces of
the encircling line object 85 in the processed image.

FIG. 7A also shows two line segments Sglo and Sg2o
passing through the first target pixel Pt. The first line segment
Sglo is orthogonal to a line segment Sgl passing through the
first target pixel Pt and first color value pixel P1, and the
second line segment Sg2o is orthogonal to a line segment Sgt
passing through the first target pixel Pt and second color value
pixel P2.

The color value modification unit 430 selects the first ref-
erence pixel P1ls from the region that includes the first color
value pixel P1 obtained by dividing the scanned image by the
first line segment Sglo into two regions (specifically, the
region on the —Dy side of the first line segment Sglo). As
described with reference to FIG. 7A, the first reference pixel
Pls is positioned on the edge of the outside region 85co
abutting the encircling line region 85¢. In other words, the
first reference pixel Pls is positioned so that its distance from
the edge of the outside region 85co is no greater than the width
WL of the encircling line region 85¢ as shown in FIG. 7B.
Thus, a pixel near the first color value pixel P1 can be used as
the first reference pixel Pls.

Similarly, the color value modification unit 430 selects the
second reference pixel P2s from the region that includes the
second color value pixel P2 obtained by dividing the scanned
image by the second line segment Sg2o into two regions
(specifically, the region on the +Dy side of the second line
segment Sg20). As described with reference to FIG. 7A, the
second reference pixel P2s is positioned on the edge of the
inside region 85c¢i abutting the encircling line region 85¢. In
other words, the second reference pixel P2s is positioned so
that its distance from the edge of the inside region 85¢i is no
greater than the width WL of the encircling line region 85¢ as
shown in FIG. 7B. Thus, a pixel near the second color value
pixel P2 can be used as the second reference pixel P2s.

Through the above configuration, the color value modifi-
cation unit 430 can minimize noticeable traces of the encir-
cling line object 85 in the processed image.

As described with reference to FIG. 7A, the color value
modification unit 430 sets each of the plurality of non-encir-
cling-line pixels within the first searching range Plsa deter-
mined based on the first reference pixel Pls (that is, the first
target pixel Pt) as a target pixel, determines the distribution of
color values within a calculation range based on the position
of'this target pixel, and uses the pixel whose calculation range
has the smallest distribution of color values as the first color
value pixel P1. Similarly, the color value modification unit
430 sets each of the plurality of non-encircling-line pixels
within the second searching range P2sa determined based on
the second reference pixel P2s (that is, the first target pixel Pt)
as a target pixel, determines the distribution of color values
within a calculation range based on the position of this target
pixel, and uses the pixel whose calculation range has the
smallest distribution of color values as the second color value
pixel P2. Therefore, the color value modification unit 430 can
mitigate the effects of noise on the color value of the first
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target pixel Pt in order to minimize noticeable traces of the
encircling line object 85 in the processed image.

As described with reference to FIG. 7A, the color value
modification unit 430 also sets search ranges, such as the first
searching ranges Plsa and P2sa, based on the resolution of
the scanned image (that is, the pixel density). Therefore, the
color value modification unit 430 can change the color value
of'the first target pixel Pt to a value suited to the pixel density
in order to minimize noticeable traces of the encircling line
object 85 in the processed image.

As shown in FIG. 7A, the third reference pixel P3s and
fourth reference pixel P4s are disposed at opposite ends of a
line segment intersecting the line segment connecting the first
reference pixel Pls and second reference pixel P2s. As a
result, the third color value pixel P3 and fourth color value
pixel P4 used for calculating the color value of the first target
pixel Pt are disposed on respective ends of a line segment (not
shown) that intersects the line segment (not shown) connect-
ing the first color value pixel P1 and second color value pixel
P2. Accordingly, the color value modification unit 430 can
change the color value of the first target pixel Pt to a value
suited to color changes in a plurality of directions. The same
effect can be obtained for the other target pixels. As a result,
the color value modification unit 430 can minimize noticeable
traces of the encircling line object 85 in the processed image.

D. Fourth Embodiment

A fourth embodiment of the present invention will be
described with reference to FIGS. 8A, 8B and 8C. FIG. 8A is
a schematic diagram illustrating a fourth embodiment for
changing color values of target pixels in encircling line
regions (S320 of F1G. 4). The fourth embodiment differs from
the second embodiment shown in FIGS. 6A and 6B in the
following ways. First, the color value modification unit 430
sorts eight color value pixels P1-P8 for calculating the color
value ofthe first target pixel Pt into pixels pairs, each of which
is composed of two pixels disposed along a line passing
through the first target pixel Pt. As a result, the eight color
value pixels P1-P8 are sorted into four pixel pairs. Next, the
color value modification unit 430 calculates the color value of
the first target pixel Pt using some of the four pixels pairs
whose members have the largest difference in color value.
The hardware structure of the image-processing system used
in the image process according to the fourth embodiment is
identical to the image-processing system 900 shown in FIG.
1. Further, steps in the image process according to the fourth
embodiment are identical to the steps shown in FIGS. 2 and 4.

The partial image shown in FIG. 8A is identical to the
image in FIG. 6A. FIG. 8A specifies eight color value pixels
P1-P8. FIG. 8B is an explanatory diagram for describing four
pixel pairs Pr1-Prd, color value differences dC1-dC4, and
selected pixel pairs. As shown, the four pixel pairs Prl, Pr2,
Pr3, and Pr4 are respectively configured of the pairs of pixels
P1 and P2, P3 and P4, P5 and P6, and P7 and P8. The color
value modification unit 430 calculates the color value differ-
ences dC1-dC4 between the members of each pixel pair Prl-
Prd4, respectively. Here, the color value modification unit 430
employs the difference in a specific color component. For
example, the color value modification unit 430 may calculate
a brightness value based onthe R, G, and B component values
and may employ the difference in brightness values between
members of each pixel pair.

Next, the color value modification unit 430 selects pixel
pairs having a relatively large difference in the color values of
their members. Specifically, the color value modification unit
430 selects the pixel pair whose members have the largest
difference in color value and the pixel pair whose members
have the second largest difference in color value. In the fol-
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lowing description, the pixels in the pixel pair whose color
difference is the largest will be called pixels Pm1 and Pm2,
and the pixels in the pixel pair having the second largest
difference in color value will be called pixels Pnl and Pn2.

FIG. 8C shows an equation for calculating the color value
Pti of the first target pixel Pt from color values Pm1i, Pm2i,
Pnli, and Pn2i for the two selected pixel pairs (i.e., the four
color value pixels Pm1, Pm2, Pn1, and Pn2). Here, the symbol
“1” identifies one of the colors red, green, and blue, and
distances Dm1, Dm2, Dnl, and Dn2 denote the distances
from the first target pixel Pt to the color value pixels Pm1,
Pm2, Pnl, and Pn2, respectively.

As shown in the equation, the color value Pti of the first
target pixel Pt is the weighted average value of the color
values Pm1i, Pm2i, Pnli, and Pn2i for the four color value
pixels P1-P4. Weights assigned to the color values Pm1i,
Pm2i, Pnli, and Pn2i are larger for smaller distances Dm1,
Dmz2, Dnl, and Dn2. Hence, the color value modification unit
430 can change the color value of the first target pixel Ptto a
value suited to the positional relationships among the first
target pixel Pt and the color values Pm1i, Pm2i, Pnli, and
Pn2i. Thus, the color value modification unit 430 can modify
the color value of the first target pixel Pt to a value suited to
color changes within the peripheral region of the first target
pixel Pt (the background region, for example).

In the fourth embodiment, the color value modification unit
430 calculates a post-modification color value of the first
target pixel Pt using the pixels in two of the four pixel pairs
whose members have a relatively large difference in color
value. Thus, the color value modification unit 430 can calcu-
late the color value of the first target pixel Pt using pixel pairs
whose members have a large difference in color value when
this difference is due to gradation in the peripheral region of
the encircling line region 85¢ (a background region, for
example) and, hence, can minimize noticeable traces of the
encircling line object 85 in the processed image.

In the example of FIG. 8A, three of the four pixel pairs
Pr1-Prd4 (specifically, the pixel pairs Prl, Pr2, and Pr3)
include a pixel in the outside region 85co and a pixel in the
inside region 85c¢i. Only some of these three pixel pairs Prl,
Pr2, and Pr3 having a relatively large difference in color value
among its members are used for calculating the color value of
the first target pixel Pt. Hence, if the color changes in a
specific direction, the color value modification unit 430 can
modify the color values of pixels in the encircling line region
85¢ to values suited to this change in color.

As shown in FIG. 8A, members in each of the four pixel
pairs are positioned isotropically in relation to the first target
pixel Pt. Hence, three or more pixel pairs may include both a
pixel in the outside region 85co and a pixel in the inside region
85¢i in areas of the curved encircling line region 85¢ where
the curvature is small, as illustrated in FIG. 8 A. In the fourth
embodiment, the color value modification unit 430 uses some
of'the pixel pairs that include both a pixel in the outside region
85c¢o and a pixel in the inside region 85c¢i that are associated
with a relatively large difference in color value. Accordingly,
when the color changes from the outside region 85co to the
inside region 85¢i, the color value modification unit 430 can
modify the color values of pixels in the encircling line region
85¢ to values suitable for this change in color.

E. Fifth Embodiment

A fifth embodiment of the present invention will be
described with reference to FIG. 9. FIG. 9 is a schematic
diagram showing a fifth embodiment for changing color val-
ues of target pixels in an encircling line region (S320 of FIG.
4). The fifth embodiment in FIG. 9 differs from the third
embodiment shown in FIGS. 7A and 7B in that the pixels
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selected as the reference pixels Pls-P4s are separated from
the encircling line region 85c¢. Specifically, the first reference
pixel Pls is the closest pixel to the first target pixel Pt among
the plurality of non-encircling-line pixels on a line extending
in the -Dy direction from the first target pixel Pt that remain
after excluding pixels abutting the encircling line region 85c¢.
Pixels separated from the encircling line region 85¢ are simi-
larly selected as the other reference pixels P2s-P4s. The steps
for selecting the color value pixels P1-P4 and for calculating
the color value of the first target pixel Pt are identical to those
described with reference to FIG. 7.

In this way, pixels separated from the encircling line region
85¢ can be employed as the reference pixels P1s-P4s used for
positional reference. Since pixels far from the encircling line
region 85¢ are far from the edge of the encircling line object
85, these pixels have little effect from noise in color values
(and specifically, noise produced near the edge). Hence, by
selecting the color value pixels P1-P4 based on reference
pixels P1s-P4s separated from the encircling line region 85c¢,
the color value modification unit 430 can suppress the effects
of noise on color values. However, if the distance between the
reference pixels P1s-P4s and the encircling line region 85c¢ is
excessive, the encircling line region 85¢ may be corrected to
a color that is different from the peripheral color of the encir-
cling line region 85¢. Therefore, the reference pixels P1s-P4s
are preferably close to the encircling line region 85¢ in order
to minimize noticeable traces of the encircling line object 85
in the processed image. For example, the second color value
pixel P2 and fourth color value pixel P4 in the inside region
85c¢i are preferably set to pixels that are within a range no
greater than the width WL of the encircling line region 85¢
from the edge of the inside region 85¢i that abuts the encir-
cling line region 85c¢. Similarly, the first color value pixel P1
and third color value pixel P3 in the outside region 85co are
preferably set to pixels within a range no greater than the
width WL of the encircling line of the encircling line region
85¢ from the edge of the outside region 85co that abuts the
encircling line region 85¢.

Sometimes blur is produced near the edge (contour, for
example) of an object such as an encircling line in a scanned
image generated by the reading unit 160. In the third embodi-
ment shown in FIGS. 7A, 7B, and 7C and the fifth embodi-
ment shown in FIG. 9, the color value modification unit 430
calculates the color values of pixels in an encircling line
region using the color values of pixels separated from the
encircling line region. Accordingly, the color value modifi-
cation unit 430 can mitigate the effects of blurring on the
calculated color values and can suitably minimize noticeable
traces of the encircling line in the processed image.

F. Variations of the Embodiments

(1) The color correction process performed by the color
value modification unit 430 on encircling line regions is not
limited to the processes described in the embodiments, but
may be any of various processes that set the color of the
encircling line region close to the color of the region around
the encircling line region. For example, when calculating at
least one of the (a) distribution of color values and (b) average
color value in the third and fifth embodiments of FIGS.
7A-7C and 9, the color value modification unit 430 may skip
some of the pixels in the calculation range, such as the pixels
in even rows. Further, instead of using the average color value
in the calculation region, the color value modification unit
430 may simply use the color value of the pixel whose cal-
culation range was found to have the smallest distribution.
For example, the color value modification unit 430 may use
the color value of the first color value pixel P1, rather than an
average value, as the first color value Plia in FIG. 7C. In
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general, the color value modification unit 430 may use the
color value of at least one pixel in the calculation range for
calculating the color value of the first target pixel Pt. Further,
the color value modification unit 430 is not limited to using
pixels whose calculation ranges have the smallest distribu-
tions as the color value pixels P1-P4, but may use any of
various pixels in the searching ranges excluding whose cal-
culation ranges have the greatest distributions. Further, the
searching ranges are not limited to rectangular regions, but
may be regions having any of various shapes. For example, a
circular region centered on the reference pixel may be used as
the searching range. In any case, the searching range prefer-
ably is a region that includes the reference pixel. Similarly,
the calculation range is not limited to a rectangular region, but
may be a region of any shape, such as a circular region
centered on the target pixel. In any case, the calculation region
preferably includes the target pixel.

(2) The total number of color value pixels used for calcu-
lating the color value of one first target pixel Pt in the first to
fifth embodiments shown in FIGS. 5A through 9 may be any
number of 2 or greater. For example, the color value of the
first target pixel Pt in the example of FIG. 5A may be calcu-
lated from the two color value pixels P1 and P2. Further, the
method of selecting the color value pixels is not limited to the
methods described with reference to FIGS. 5A through 9, but
may be any of various methods such as a method that uses all
non-encircling-line pixels within a prescribed region cen-
tered on the first target pixel Pt.

Further, the method of calculating the color value of the
first target pixel Pt using color values of a plurality of color
value pixels is not limited to the method described in the
examples of FIG. 5A through 9, but may be any of various
methods such as a method that simply employs averages
without weighting.

(3) In the first, second, third, and fifth embodiments
described with reference to FIGS. 5A through 7C and 9, the
color value of the first target pixel Pt may be calculated as
described in the embodiment with reference to FIGS. 8A-8C
using some of the plurality of pixel pairs whose members
have the greatest difference in color value. The total number
of pixel pairs used for calculating the color value of the first
target pixel Pt may be any number of 1 or greater. Alterna-
tively, a preset number of pixel pairs may be used.

(4) Rather than using the encircling line region 85¢ iden-
tified in S240 as the encircling line region to be used by the
color value modification unit 430, the region identification
unit420 may employ the third candidate region 855 identified
in S220.

(5) The image process of the present invention may be
modified in various ways and is not limited to the steps shown
in FIG. 2. For example, any of various methods may be used
to identify regions constituting encircling lines (i.e., encir-
cling line regions) and regions not constituting encircling
lines based on the target image, and are not limited to the
method described in S205-S240 of FIG. 2. For example, step
S210 may be omitted from the process. Further, pattern
matching using prescribed patterns representing typical
encircling line regions may be performed to identify encir-
cling line regions in a target image. Further, the process in
step S255 is not limited to a process for erasing objects
enclosed in the encircling lines, but may be any process using
objects enclosed in the encircling lines. For example, a pro-
cess may be performed to erase all other objects in the image,
while retaining the objects enclosed in the encircling lines. In
any case, the color of pixels representing the objects may be
interpolated when erasing the objects, as described in the
process of step S250.
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(6) The data processed according to the present invention
may be employed in any application in addition to printing.
For example, the processed data acquisition unit 230 of the
multifunction peripheral 100 may store the processed data in
the nonvolatile storage device 130 for future use. Further, the
destination of the processed data outputted by the processed
data output unit 450 may be any device in addition to the
multifunction peripheral 100. For example, the processed
data output unit 450 may output the processed data to another
server (not shown) connected to the network 500.

(7) In addition to scan data produced by the reading unit
160, the target image data may be photographic image data
captured by a device such as a digital camera, or image data
generated using an application program for creating data such
as text or illustrations, for example. Further, the encircling
lines are not limited to those written with a pen, but may be
encircling lines drawn over the image using the application
program described above, for example.

(8) The functions in the embodiment of FIG. 1 for execut-
ing the image process (for example, the function ofthe image-
processing unit 390, and specifically the functions of the
process units 410, 420, 430, 440, and 450) may be imple-
mented by various other devices than the server 300, such as
adigital camera, a scanner, a personal computer, and amobile
telephone. Further, the functions of the image-processing unit
390 may be shared among a plurality of devices (computers,
for example) capable of communicating over a network, so
that the devices as a whole can provide the functions of the
image-processing unit 390 (here, the system comprising the
devices corresponds to the image processor).

Part of the configuration implemented in hardware in the
embodiments described above may be replaced with software
and, conversely, all or part of the configuration implemented
in software in the embodiments may be replaced with hard-
ware. For example, the functions of the region identification
unit 420 in FIG. 1 may be implemented by dedicated hard-
ware configured of logic circuits.

When all or part of the functions of the present invention
are implemented with computer programs, the programs can
be stored on a computer-readable storage medium (a non-
temporary storage medium, for example). The programs may
be used on the same storage medium on which they were
supplied, or may be transferred to a different storage medium
(computer-readable storage medium). The “computer-read-
able storage medium” may be a portable storage medium,
such as a memory card or CD-ROM; an internal storage
device built into the computer, such as any of various ROM;
or an external storage device, such as a hard disk drive con-
nected to the computer.

While the invention has been described in detail with ref-
erence to specific embodiments and variations thereof, it
would be apparent to those skilled in the art that many modi-
fications and variations may be made therein without depart-
ing from the spirit of the invention, the scope of which is
defined by the attached claims.

What is claimed is:

1. An image-processing device comprising:

a processor; and

a memory storing computer-readable instructions therein,

the computer-readable instructions, when executed by

the processor, causing the image-processing device to

perform:

identifying a first region and a second region in a target
image represented by target image data, the first
region representing an encircling line for identifying a
specific sub-region in the target image, the first region
including a plurality of pixels, the second region
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being different from the first region, the second region
including: an inside region that is surrounded by the
first region, and an outside region that is outside the
first region, the inside region having a plurality of
internal pixels, the outside region having a plurality of
external pixels; and
changing a color value of each of the plurality of pixels
using a color value of one of the plurality of internal
pixels and a color value of one of the plurality of
external pixels,
wherein the changing changes a color value of a first target
pixel included in the plurality of pixels using a color
value of a first internal pixel included in the plurality of
internal pixels and a color value of a first external pixel
included in the plurality of external pixels,
wherein the changing changes a color value of a second
target pixel included in the plurality of pixels using a
color value of a second internal pixel included in the
plurality of internal pixels and a color value of a second
external pixel included in the plurality of external pixels,
wherein the instructions further cause the image-process-
ing device to perform:
selecting a first internal reference pixel corresponding to
the first internal pixel and a first external reference
pixel corresponding to the first external pixel;
assigning a first weight to the color value of the first
internal pixel, the first weight being larger in a case
that a first distance between the first target pixel and
the first internal reference pixel is smaller; and
assigning a second weight to the color value of the first
external pixel, the second weight being larger in a case
that a second distance between the first target pixel
and the first external reference pixel is smaller, and
wherein the color value of the first target pixel is changed
using the first weight and the second weight.
2. The image-processing device according to claim 1,
wherein the color value of the first target pixel is changed to
a color value between the color value of the first internal
pixel and the color value of the first external pixel; and
wherein the color value of the second target pixel is
changed to a color value between the color value of the
second internal pixel and the color value of the second
external pixel.
3. The image-processing device according to claim 1,
wherein the first internal reference pixel falls within a
prescribed range centered on the first internal pixel; and
wherein the first external reference pixel falls within a
prescribed range centered on the first external pixel.
4. The image-processing device according to claim 1,
wherein the first external reference pixel has a third dis-
tance from an edge of the outside region that the first
region contacts with, the third distance being no greater
than a width ofthe encircling line represented by the first
region, the first external reference pixel being positioned
in one of two first divisional regions that includes the
first external pixel, the two first divisional regions being
obtained by dividing the target image by a first line, the
first line passing through the first target pixel and being
orthogonal to a line that connects the first target pixel
and the first external pixel; and
wherein the first internal reference pixel has a fourth dis-
tance from an edge of the inside region that the first
region contacts with, the fourth distance being no greater
than the width of the first region, the first internal refer-
ence pixel being positioned in one of two second divi-
sional regions that includes the first internal pixel, the
two second divisional regions being obtained by divid-
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ing the target image by a second line, the second line
passing through the first target pixel and being orthogo-
nal to a line that connects the first target pixel and the first
internal pixel.

5. The image-processing device according to claim 1,

wherein the inside region has a third internal pixel and the

outside region has a third external pixel;

wherein the color value of the first target pixel is changed

using color values of the first internal pixel, the first
external pixel, the third internal pixel, and the third
external pixel; and

wherein one line segment connects the third internal pixel

and the third external pixel, and another line segment
connects the first internal pixel and the first external
pixel, the one line segment intersecting the another line
segment.

6. The image-processing device according to claim 1,

wherein the inside region has a third internal pixel and the

outside region has a third external pixel;

wherein the instructions further cause the image-process-

ing device to perform
calculating a first difference and a second difference, the
first difference being a difference between the color
value of the first internal pixel and the color value of
the first external pixel, the second difference being a
difference between a color value of the third internal
pixel and a color value of the third external pixel;
wherein the color value of the first target pixel is changed
based on the color value of the first internal pixel and the
color value of the first external pixel in a case that the
first difference is larger than the second difference; and
wherein the color value of the first target pixel is changed
based on the color value of the third internal pixel and the
color value of the third external pixel in a case that the
second difference is larger than the first difference.

7. The image-processing device according to claim 1,
wherein the instructions further cause the image-processing
device to perform:

specifying an internal searching range based on the first

target pixel;

setting a first prescribed range for each of pixels that are

within the internal searching range,

determining, as the first internal pixel, a specific internal

pixel falling within the internal searching range and
different from a pixel whose first prescribed range has a
largest distribution of color values;

specifying an external searching range based on the first

target pixel;

setting a second prescribed range for each of pixels that are

within the external searching range; and

determining, as the first external pixel, a specific external

pixel falling within the external searching range and
different from a pixel whose second prescribed range
has a largest distribution of color values.

8. The image-processing device according to claim 7,
wherein the internal searching range and the external search-
ing range are set based on a pixel density of the target image.

9. The image-processing device according to claim 1,
wherein the instructions further cause the image-processing
device to perform:

selecting the first target pixel and the second target pixel;

setting the first external pixel and the first internal pixel

based on the first target pixel in a case that the first target
pixel is selected; and

setting the second external pixel and the second internal

pixel based on the second target pixel in a case that the
second target pixel is selected.
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10. A non-transitory computer readable storage medium
storing a set of program instructions executed by a computer,
the program instructions comprising:
identifying a first region and a second region in a target
image represented by target image data, the first region
representing an encircling line for identifying a specific
sub-region in the target image, the first region including
a plurality of pixels, the second region being different
from the first region, the second region including: an
inside region that is surrounded by the first region; and
an outside region that is outside the first region, the
inside region having a plurality of internal pixels, the
outside region having a plurality of external pixels; and

changing a color value of each of the plurality of pixels
using a color value of one of the plurality of internal
pixels and a color value of one of the plurality of external
pixels;

wherein the changing changes a color value of a first target

pixel included in the plurality of pixels using a color
value of a first internal pixel included in the plurality of
internal pixels and a color value of a first external pixel
included in the plurality of external pixels,

wherein the changing changes a color value of a second

target pixel included in the plurality of the pixels using a
color value of a second internal pixel included in the
plurality of internal pixels and a color value of a second
external pixel included in the plurality of external pixels,
wherein the program instructions further comprise:
selecting a first internal reference pixel corresponding to
the first internal pixel and a first external reference
pixel corresponding to the first external pixel;
assigning a first weight to the color value of the first
internal pixel, the first weight being larger in a case
that a first distance between the first target pixel and
the first internal reference pixel is smaller; and
assigning a second weight to the color value of the first
external pixel, the second weight being larger in a case
that a second distance between the first target pixel
and the first external reference pixel is smaller, and
wherein the color value of the first target pixel is changed
using the first weight and the second weight.

11. An image-processing device comprising:

a processor; and

a memory storing computer-readable instructions therein,

the computer-readable instructions, when executed by

the processor, causing the image-processing device to

perform:

identifying a first region and a second region in a target
image represented by target image data, the first
region representing an encircling line for identifying a
specific sub-region in the target image, the first region
including a plurality of pixels, the second region
being different from the first region, the second region
including: an inside region that is surrounded by the
first region; and an outside region that is outside the
first region, the inside region having a plurality of
internal pixels, the outside region having a plurality of
external pixels; and

changing a color value of each of the plurality of pixels
using a color value of one of the plurality of internal
pixels and a color value of one of the plurality of
external pixels,

wherein the changing changes a color value of a first target

pixel included in the plurality of pixels using a color
value of a first internal pixel included in the plurality of
internal pixels and a color value of a first external pixel
included in the plurality of external pixels,
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wherein the changing changes a color value of a second
target pixel included in the plurality of pixels using a
color value of a second internal pixel included in the
plurality of internal pixels and a color value of a second
external pixel included in the plurality of external pixels,
wherein the inside region has a third internal pixel and the
outside region has a third external pixel,
wherein the instructions further cause the image-process-
ing device to perform
calculating a first difference and a second difference, the
first difference being a difference between the color
value of the first internal pixel and the color value of
the first external pixel, the second difference being a
difference between a color value of the third internal
pixel and a color value of the third external pixel,
wherein the color value of the first target pixel is changed
based on the color value of the first internal pixel and the
color value of the first external pixel in a case that the
first difference is larger than the second difference, and
wherein the color value of the first target pixel is changed
based on the color value of the third internal pixel and the
color value of the third external pixel in a case that the
second difference is larger than the first difference.
12. The image-processing device according to claim 11,
wherein the color value of the first target pixel is changed to
a color value between the color value of the first internal
pixel and the color value of the first external pixel, and
wherein the color value of the second target pixel is
changed to a color value between the color value of the
second internal pixel and the color value of the second
external pixel.
13. The image-processing device according to claim 11,
wherein the inside region has a third internal pixel and the
outside region has a third external pixel,
wherein the color value of the first target pixel is changed
using color values of the first internal pixel, the first
external pixel, the third internal pixel, and the third
external pixel, and
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wherein one line segment connects the third internal pixel
and the third external pixel, and another line segment
connects the first internal pixel and the first external
pixel, the one line segment intersecting the another line
segment.

14. The image-processing device according to claim 11,
wherein the instructions further cause the image-processing
device to perform:

specifying an internal searching range based on the first

target pixel;

setting a first prescribed range for each of pixels that are

within the internal searching range;

determining, as the first internal pixel, a specific internal

pixel falling within the internal searching range and
different from a pixel whose first prescribed range has a
largest distribution of color values;

specifying an external searching range based on the first

target pixel;

setting a second prescribed range for each of pixels that are

within the external searching range; and

determining, as the first external pixel, a specific external

pixel falling within the external searching range and
different from a pixel whose second prescribed range
has a largest distribution of color values.

15. The image-processing device according to claim 14,
wherein the internal searching range and the external search-
ing range are set based on a pixel density of the target image.

16. The image-processing device according to claim 11,
wherein the instructions further cause the image-processing
device to perform:

selecting the first target pixel and the second target pixel;

setting the first external pixel and the first internal pixel

based on the first target pixel in a case that the first target
pixel is selected; and

setting the second external pixel and the second internal

pixel based on the second target pixel in a case that the
second target pixel is selected.
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